index for bridge's safety evaluation. In this paper, a method of deflection measurement using Wireless 
center moves equivalently as the bridge distorts at different levels. Therefore, bridge deflection is available as long as the spot center is obtained. When used on deflection measurement, laser image method is of high-accuracy, which can achieve 0.1mm. Besides, its high sampling rate and low cost are also suitable for bridges of small and medium size [7] . a.iii GPS deflection measurement As a generation of satellite navigation and positioning system, GPS (global position system) has not only global, 24-hour, continuous and precise three-dimensional navigating and positioning capabilities, but also a good anti-interference and confidentiality. In recent years, precise positioning technology using GPS on large-span bridge monitoring has drawn wide concern, and there have already been many examples of successful applications. Its basic principle is: one receiver (base station) is fixed on the reference point and the other (mobile station) is located where the most distortion occurs on the bridge, so that both of them can observe more than 4 satellites simultaneously to determine the relative location of the deformation point. Through real time acquisition of the relative position of the deformation point to the reference point, which directly reflects the special change of the measured point, the deflection of the bridge structure can be obtained [8] .
a.iv Robot deflection measurement
Using the principle of connecting pipe, the change of bridge deflection can be acquired according to the liquid level heights in the connecting pipes that are located on various points of the bridge.
In the measuring process, a horizontal pipe should be set along the bridge. On the other hand, vertical pipes, in which liquid levels maintain the same, are located on the monitoring points which are also connected with the horizontal one. One vertical pipe has to be set on the shore base, so that the liquid level in it can be taken as the reference for monitoring. When there is deformation of the bridge beam, the pipes fixed on it will move together, which can result in various degrees of changes of the liquid levels in them, although the liquid surfaces in all the vertical pipes still keep horizontal. The relative displacements obtained in this way are the deflection values of the measured points [9] . Yan 
a.v Electro-optical imaging deflection measurement
Electro-optical imaging deflection measurement is the way in which a target with an optical point (cursor) on it should be set on the measured point of the bridge. Then the image of the optical point will be formed on the CCD receiving area-array through the optical system (optical lens).
When there is deflection/displacement of the bridge, the target will shift position. To measure the variation of the imaging position of the optical point on the CCD and the practical deflection/displacement value of the bridge could be calculated [10] .
a.vi Inclination deflection measurement
Free from the confinement of the site condition such as sunshine, rain, fog and etc, inclination deflection measurement of bridge deflection monitoring has large measuring range and is capable to complete one/two-dimensional measurement, which is suitable for deflection measurement of large/medium-size bridges. Yang and others took advantage of QY inclinometer to conduct the measurement of static-load deflection on the Songhua River Railway Bridge in Harbin and the Jiujiang Rail Road Bridge, achieving satisfactory results [11] . 
EI is a constant, which indicates flexural rigidity of the beam. E is extension-compression elastic modulus and I is moment of inertia. The deflection value of any point of the beam can be calculated. And the deflection curve "y" equation is: The following equations can be obtained from the above ones，Equation 3b is used to get on the central point of the beam. Now, the deflection of the bridge is analyzed when only external loads are considered. External loads are generally applied by vehicles traveling on the bridge. Deflection caused by vehicles is much lighter than that caused by bridge gravity. As for the simply-supported bridges, the key point should be focused on the deflection of bridge center. Therefore, the model can be simplified to carry out the calculation after concentrating the loads on the central point. When external loads P are all applied on the center, namely, x=l/2, the deflection caused by them is:
According to the superposition principle, the curve equation of the deflection caused by bridge gravity and external loads is:
The curve reaches its peak on the central point:
From the above equations, it is known that the unknown parameters EI of the deflection curve can be calculated through measuring the slope of the curve, which is angle value. Then, the deflection curve equation and the deflection of any point are all obtained.
b.ii Implementation of Inclination Deflection Measurement
(1) Single-point Method
In the condition of simple-supported beam without external loads, it can be observed from the equations above that the angle equation will be obtained through derivation of the deflection one.
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After measuring inclination, the values of the unknown parameters can be got through using its relationship with inclination, and then the deflection value will be obtained. 
DESIGN OF WMISS WMISS consists of wireless inclination sensor nodes and one coordinator connected to a PC through the serial port. Wireless inclination sensor node is a low power one which completes the wireless transmission of inclination data through wireless sensor network to achieve the deflection measurement. The coordinator can finish the functions such as building networks, receiving and transmitting the data. The same embedded program is preloaded into the wireless inclination sensor nodes. At the same time, the Labview program is running to work out deflection on the PC, the structure of the system is shown in Fig. 2 . chip, with a surface micromachined polysilicon structure built on top of a silicon wafer, is a digital sensor shown in Figure 4 . The chips are mounted on a lead-frame and wire bonded to appropriate contacts. The encapsulation process is a standard semiconductor transfer molding process. It is mainly made up of a sensing elements and an ASIC circuit, the sensing element is actually silicon sensing differential capacitive accelerometer responding to gravity according to its orientation, and the ASIC, integrating EEPROM memory, amplifier, analog/digital converter, temperature meter and serial peripheral interface (SPI), is used for finishing temperature compensation and digital disposal of sensing elements' outputs. The inclination is an angle between gravity and the sensor, the relation of the output of acceleration and gravity is given in the equation 8,
Where, x a is the output of acceleration, g is gravity,  is inclination angle. Equation 8 is changed into equation 9 by inverse sine to get the inclination value. And the temperature compensation using internal temperature sensor makes inclination measure more precisely. In this design, processor module is an MSP430F5438 single chip, which has a 256KB flash and a 16KB RAM; wireless module consists of a CC2520 wireless radio frequency chip and a front-end amplifier CC2591. The CC2520 wireless radio chip, produced by TI Company, is the second generation ZigBee/IEEE 802.15.4 wireless radio transceiver of 2.4 GHz. The CC2591 is a radio front-end of highest integration rate facing low power and low voltage, which can improve the power of transmitter and the sensitivity of receiver, so that the strength and the transmission the organizing and self-healing abilities [19] .
After the sensor node is powered on, the channel will be monitored so as to judge whether there is a coordinator in that area. If there is, start it as a terminal node; otherwise, start it as a coordinator. Then the network will be set up. In this paper, the network construction of anchorfree and unslotted CSMA-CA competitive mode has been discussed (shown in Figure 6 ).
Terminal node sends out net access application to coordinator, and coordinator gives response to it by sending responding-frame. When the network is successfully constructed, connection between nodes and coordinator will be built up, after which nodes could compete for channel in the way of unslotted CSMA-CA competitive mode. When there is a confliction, circumvention will be made according to the CSMA-CA algorithm. Then the data will be resent. In order to obtain the ID numbers and AD values of inclination of the nodes, the coordinator makes analysis after receiving the data. Then it will put them into the buffer zone and send them out. (1) Configure the parameters of the serial port and initialize; (2) Use the control to monitor the serial port and read data from it. Separate the character string into two parts (ID number and inclination value); (3) Transform the inclination data into corresponding inclination value and calculate the deflection according to the theories of Material Mechanics; Yan Yu EXPERIMENTS AND DISCUSSIONS
a. Calibration Experiment
As shown in Fig. 9 , the experimental emulation devices consist of a MSP430 simulator of USB type, a wireless sensor board, serial port cables, a power module, etc. After wireless sensor board is powered on, the channel will be monitored with the yellow light flickering fast. When the key on the right is pressed, the yellow light will stop flickering and the coordinator will start, so that the network could be established. Then the other sensor board will be powered on with the yellow light flickering. After pressing the right key, the yellow light flickers slower, which indicate that the node has received the acknowledgement frame and joined the network. Press the left key, so that data can be sent to the coordinator. The flickering of the red light on the coordinator shows that the data has been received. Then data will be transferred from a serial port deflection curves based on Labview is concise and easy to operate. Through tests, it is proved that the transmission distance can achieve 250 meters. Figure 11 . The laser displacement sensor method is used for a standard to compare with wireless inclination sensor one, the deflection is used as true value. The experimental results show that the error between the two methods is no more than 3%, so the wireless inclination sensor method is in accordance with the laser displacement sensor one. and repair the bridge. Based on this, the vertical deflection of the bridge's mid-span is measured using WMISS. Two wireless inclination sensors conducted a zero calibration are respectively put both sides of Beida Bridge's midspan. The coordinator and wireless sensor nodes are powered on, the wireless sensor networks is built using the embedded software, and then the deflection measurement using WMISS is conducted while there are three buses and some cars across the bridge. The sensor collocation is shown in Figure 13 . Deflection measurement result is shown in Figure 14 . With two sides fulcrum for reference point, the maximum midspan deflection is up to 248.49 mm, while the value in 2005 is 195 mm and the value in 1995 is 181 mm [20] , all these show that the current deflection of the bridge's midspan is larger. The large deflection's change not only directly influences the bearing capacity of the bridge, but also reduces the driving comfort. The bridge, with an obvious shock while in a large deflection, makes people produce a kind of not safe feeling. On the basis of measurement result using WMISS, it is necessary to repair the Beida Bridge, especially its suspension cable, in order to prevent the deflection from increasing. Now Beida Bridge's operation is good after maintenance. Figure 14 . Deflection measurement using WMISS
V. CONCLUSIONS
In this paper, a measurement method of deflection using self-designed WMISS is introduced. By means of measuring inclination and applying mechanics of material, the deflection of structure can be calculated. The wireless inclination sensor is calibrated on the bridge model to accomplish the data collection using the MAC Protocol provided by TI Company. The WMISS is applied for deflection measurement of Beida Bridge of Dalian city, and present the repair project of the bridge according to the analysis of the measured data. The wireless sensor in this method are simple and easy to operate, and of high applicability. It represents an important direction for the development of bridge deflection measurement, which has extensive applicability and broad application prospects.
In general, the design is preliminary and further improvement is necessary. More importantly, more tests need to be carried out before it can be of practical use. 
